Objective -To develop a simple index able to identify at an early stage those elderly patients at high risk ofrequiring discharge to a residential or nursing home after admission to hospital for acute care. For these patients, early discharge planning might lead to a more effective management and reduce the length of hospitalisation. Design, setting, and patients -This was a prospective study conducted in two teaching hospitals in Paris, France. A total of 510 consecutive patients was included. They were aged 75 years or more and had been admitted to acute medical care units through the emergency department.
Results -The index, developed by multiple logistic regression, included six variables: the wish of patients' principal carer about their returning home after acute hospitalisation, presence of a chronic condition, ability to perform toileting, ability to know the name of the hospital or the city, their age, and their living arrangements. The sensitivity of the index in identifying patients at high risk of requiring discharge to a residentialinursing home was 74.4%, the specificity 63.8%, the positive predictive value was 57.8%, and the negative predictive value was 80.6%. Conclusions -The simple index, using data available very early in the course of hospitalisation, provides an accurate prediction ofthe hospitalisation outcome. The performance of the index should be tested in other populations and the practical benefits of risk screening should be assessed in a controlled trial to evaluate whether the intervention is useful and without any adverse effects.
(J Epidemiol Community Health 1997; 51:192-198) Elderly people are more often admitted to hospital and stay in hospital longer than the general population.' 2 They are frequently admitted through the emergency department.' After an acute illness, hospitalisation is often an intermediate step before entering a nursing home or other special care settings."4 Early discharge planning for patients at high risk of requiring discharge to a residential/nursing home might lead to more effective planning process,5 reduce the length of hospital stay,6 and prevent unnecessary readmission or nursing home placement. 7 In fact, the stay of elderly patients in hospitals can generally be divided into a medical stay followed by a social stay.89 In a French study, the mean social stay was almost nil when the patient returned home, but it could reach five days when he or she was discharged to a long term care facility because of a shortage of places in nursing homes. 9 The main difficulty in introducing early discharge planning lies in the identification of patients at high risk of requiring discharge to a residential/nursing home. This assessment is needed very soon after admission so that the elderly patients can benefit rapidly from comprehensive and effective discharge planning that facilitates their timely discharge. Results of past research showed that no single factor consistently differentiated patients who could be discharged home from those discharged to an institution.'0 Each one of the predisposing factors such as age, sex, marital status, living arrangements, and mental and physical status, was related to the discharge disposition in some of these studies, but not in all of them." '6 We therefore undertook a prospective study to develop an index that could predict the outcome of hospitalisation for elderly patients admitted through emergency departments. Our hypothesis was that it would be possible to produce a short index, based on a limited number of variables available shortly after admission. With such an instrument, geriatric and social service staff could be mobilised early during the hospital stay ofthose elderly patients who would be unable to return home after the acute hospitalisation and were at high risk of requiring discharge to a residential/nursing home. pitalisation was classified as "home" or "residential/nursing home". "Home" included patients discharged home with or without home care services and those discharged to the homes of relatives. "Residential/nursing home" included patients discharged to a skilled nursing facility, a long term care facility, or an intermediate care facility. At discharge, 248 patients (59.5%) returned home and 169 (40.5%) were discharged toward a residential/nursing home. The average length of stay for patients discharged to a residential/nursing home was 9 days longer than for patients who returned home (22.3(13. 3) days versus 13.3(10.7), respectively, p<0.001).
Methods

STATISTICAL METHODS
Associations of independent variables with the outcome of hospitalisation were assessed with univariate logistic regression models. For multivariate analysis, a stepwise logistic regression was used. The following factors were included in the stepwise logistic regression: 1. All variables that were significant at a p value ofless than 0. The fitted coefficients of the final model were used to assign a score to each patient. In order to assess the prognostic value of the index, we examined the distribution of the scores among patients discharged home and among those discharged to a residential/nursing home.
There was a choice of threshold score over which a patient might be considered at high risk of discharge to a residential/nursing home.
For each threshold, we could calculate the sensitivity (correct classification ofpatients who were discharged toward a residential/nursing home), the specificity (correct classification of patients discharged home), the predictive value of a positive test (proportion of patients predicted to be discharged to a residential/nursing home who were ultimately discharged to a residential/nursing home), the predictive value of a negative test (proportion of patients predicted to be discharged home who were actually discharged home), and the total correct classification (true positives plus true negatives). The Patients at high risk (%) Figure 1 Proportion ofpatients considered to be at high risk of discha or nursing home. 1.1,3.3) pitalisation.
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The choice of the discriminant threshold was 1. 9 (1.2,3.3) made from the curve relating the sensitivity to me of the hospital or the proportion of patients considered by the model to be at high risk of discharge to a residential/nursing home. Corresponding to a sensitivity of around 75%, a range ofthresholds (2.24-2.34) was considered acceptable (fig 1) . After removing each of the 354 patients from the data, re-estimating the parameters of the model, and then classifying each of the patients based on the corresponding new parameters estimated, the correct classification was 67.2% (table 5) . Thus, the bias estimation was 0.6%. Another statistical technique was also applied to test the statistical validation of the index. The population was split into two independent populations of approximately two thirds and one third, respectively. The first 210 patients with complete data were used to develop the index (the derivation set). The last 144 patients were used to test the index performance in an independent population (the test set). In the derivation set, the final logistic model included the same six variables which were entered in the Table 4 Prediction of outcome of hospitalisation in elderly patients admitted through the emergency department to two teaching hospitals in Paris using the index with a threshold score of 2.27 (simplified score = 4) final model derived from the whole population (table 2) , although age, ability to know the name of place, and living alone were at borderline conventional statistical significance (due to the relatively small number of subjects in the derivation set, variables were eligible for inclusion into the final model if they were associated with outcome of hospitalisation at a p value less than 0.10). Furthermore, the coefficients were found to be fairly stable in our population since the coefficients obtained from the derivation set were very close to those derived from the whole population ([= 1.03, p<0.001 for the principal carer's wishes about the patient returning home; [=0.58, p<0.04 for a chronic condition; P = 0.63, p<0.06 for the ability to perform toileting; [ = 0.51, p<O.09 for age; [=0.65, p<0.10 for ability to know the name of place; and [B=0.57, p<0.10 for living alone). When the simplified threshold of 4 was used in the test set (58 patients were discharged toward a residential/nursing home and 86 were discharged home), the index provided accurate predictions (sensitivity= 77.6%, specificity= 50.0%, positive predictive value = 51.1%, negative predictive value=67.8%, and the total correct classification=67.4%). These values were comparable to those obtained from the whole population. Thus, the two methods of statistical validation indicate accurate predictions of the index.
Sixty three patients with missing data were excluded from the analysis and were not used to develop the model. Of these, some patients (n = 17) had scores >2.27 even without adding missing data and others (n = 13) would have had scores <2.27 even when replacing missing data by the maximum values of missing variables. Decisions could therefore be made for the 30 patients with missing data. The sensitivity was 75.0% and the specificity 64.3%. These values were comparable to those obtained from patients with complete data.
Discussion
The objective of this study was to develop, shortly after hospital admission, a simple index which could be used to identify those patients who were unable to return home immediately after acute hospitalisation (more frequent users of health care resources). For these patients, early discharge planning including medical and/ or social intervention, coordination of services, and early negotiation with institutions might lead to a more effective management process, reduce the length of hospitalisation, and prevent unnecessary re-admission or nursing home placement.5-726 The index was built on six factors: the principal carer's wishes about the patient returning home after acute hospitalisation, the presence of a chronic condition fatal or non-fatal within four years, the ability to perform toileting, the ability to know the name of the hospital or the city, age, and living arrangements. These factors were medical, functional, and social in nature. Five of them were easily obtainable within 24 hours of admission to hospital and an additional one was ascertainable within 48 hours (principal carer's wishes). All variables were clearly and well defined and some were routinely evaluated on admission for each patient. Collecting the data necessary to calculate the score was simple and rapid. The score has become easy to obtain after simplifying the score's calculation.
In our study, the most important predictor of hospitalisation outcome was the opposition of the principal carer to the patient returning home. This was in agreement with previous work. 14 Furthermore, several studies have shown that advancing age,4 10-1214 impaired cognitive function,4 10121315 16 ADL dysfunction,41015 16 and living alone461013 are related to nursing home and special care settings. We did not, however, find that gender and marital status were associated with an increased risk of discharge to an institution. Inconsistencies in research findings could be explained by differences in health care systems across countries, different sampling methods within each type ofstudy design, and differences in methods of analysis. 27 We were unable to find any association between the outcome of hospitalisation and the main reason for admission. Functional status measured by the ADL may be a better reflection ofthe impact of illnesses.28
The presence of a chronic condition considered fatal or non-fatal within four years was associated with the outcome of hospitalisation. This was assessed by a modified MacCabe indicator,22 which had proved to be reproducible during previous field testings. 29 The index with a critical score of 2.27 (simplified score 4) succeeded in identifying threequarters of patients who were ultimately discharged to a residential/nursing home. The sensitivity obtained (74.4%) was judged acceptable because factors included in the model were chosen from those available very shortly after admission, neglecting conditions which occurred during the hospitalisation. The index failed to identify a quarter of patients at high risk of discharge to a residential/nursing home (false negatives). These patients would benefit from the routine discharge planning as is provided nowadays. About half the patients were considered at high risk of discharge to a residential/nursing home. Of these, only 55% (predictive power of the positive test) would actually need special and early discharge planning. This fact was considered as acceptable with regard to the benefits resulting from early discharge planning for patients in need of special placement.
Since the procedures for discharge planning are different for subjects admitted to an acute care hospital from a residential/nursing home, this study was confined to patients admitted from home. Patients who died or were transferred and those for whom data was incomplete were excluded from the present analyses. As with any system based on clinical measurement, missing values present a problem. However, complete data were available for 354 patients (84.9%) and the index would be applicable to 30 patients with missing data. Thus, decisions were possible for a total of 384 patients (92.1%). Obviously, there was no information available on the outcome of hospitalisation (discharge toward an institution or home) for the 71 subjects who died. Since the aim of the study was not to identify subjects who died in the course ofhospitalisation, we did not analyse that aspect. In contrast, it was important to assess the number of dead subjects who would have been considered at high risk of discharge to a residential/nursing home (29/71, 40.8%). Thus, early discharge planning would have been asked for an additional 7% of patients. However, this unnecessary workload could be considered as minor when compared with the possible benefits resulting from early discharge planning for patients placed in an institution. Patients who were transferred to other acute care facilities were also excluded as discharge planning would then be the responsibility of another acute care team.
Evans et al have developed an index from variables available at the hospital admission to determine the risk for placement, readmission, or lengthy stay. 30 The factors that determined the outcome of hospitalisation included: two or more chronic medical conditions, living alone or being admitted from a nursing home, dependent ambulation, poor mental status, psychiatric comorbidity, prior admission to hospital, age over 75 years, and being unmarried. Although the index had sensitivity and specificity similar to ours, types of outcome were not studied separately and this index contains a higher number of items (n = 8) which were identified by univariate analysis. With similar results, Inui et al using the Glass CAAST index were able to identify patients in need of planning for nursing home placement. 3' In this study the population was much younger (mean age 59 years, range 20-98), the proportion of males was 98%, and only 9% of patients required special placement at discharge. 3' An index predicting the hospitalisation outcome for elderly patients shortly after admission was therefore developed for our study population. However, the performance of the index was not tested in a population other than that in which it was developed and this study should be seen only as a first step in producing the index. Thus, validation of the index is needed and the first question should be assessment of its predictive capabilities in measuring what it is supposed to measure in other populations and in other hospitals. The second step to take is to determine if some improvement in quality of care results from using the index. Our hypothesis was that identifying, shortly after admission, those patients who will need geriatric and social assistance could shorten the length of hospital stay. However, this hypothesis remains to be tested. If it is true, some adverse effects of hospital stays, for which elderly people are at high risk, might be avoided.32
